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 20 
Abstract 21 
 22 
Bayldonite [Cu3Pb(AsO4)2(OH)2], Wheal Carpenter (Cornwall, UK) was studied by X-ray 23 
Photoelectron Spectroscopy and Raman Microscopy. X-ray Photoelelectron Spectroscopy 24 
revealed single copper, lead and arsenic positions in the crystal structure. Two oxygen bands 25 
with a 1:4 ratio were associated oxygen positions in arsenate- and hydroxyl-groups, 26 
excluding the presence of acidic arsenate groups. The relatively large difference in binding 27 
energy for the two oxygen bands was interpreted as being due to the dynamic Jahn-Teller 28 
distortion of the copper octahedral in the bayldonite crystal structure. Raman microscopy 29 
showed bands at 804 and 837 cm-1 assigned to arsenate antisymmetric stretching mode and 30 
the symmetric stretching mode. Supported by the X-ray Photoelectron Spectroscopic results 31 
the bands at 726, 761, 822 and 886 cm-1 were assigned to copper-hydroxyl modes. Bands 32 
around 497 cm-1 were assigned to the arsenate antisymmetric bending modes and around 427 33 
cm-1 to the symmetric bending modes. The 539 cm-1 band was associated with a copper-34 
hydroxyl stretching mode or another 4. The region 250-400 cm-1 showed sharp bands at 313 35 
and 328 cm-1 with weaker bands at 298 and 342 cm-1 assigned to copper-oxygen and/or lead-36 
oxygen stretching modes.  37 
Keywords: Bayldonite; X-ray Photoelectron spectroscopy; Raman spectroscopy; 38 
arsenate; hydroxyl 39 
 40 
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1. INTRODUCTION 42 
 43 
Wheal Carpenter (Fraddam, Gwinear, Cornwall, UK) was a small mine that was 44 
known to produce copper, tin and silver ores in between roughly 1800 and 1855. The main 45 
ore was copper but silver was known to occur as capillary native silver [1]. A variety of 46 
secondary minerals have been found including minerals such as anglesite, bayldonite, 47 
beudantite, tetrahedrite, cornubite (Type Locality [2]), cornwallite, linarite, malachite, 48 
mimetite, mixite, philipsite, plumbojarosite, and pseudomalachite. 49 
Bayldonite is a relatively rare secondary arsenate mineral found in the oxidized zone 50 
of some polymetallic deposits. Some of these localities around the world include mines like 51 
Tsumeb [3-7], Kannon-Daki Old Mine in Kiura, Fujigouchi, Oita Prefecture, Japan [8], the 52 
Beaujolais area in France [9], Pira Inferida, Gonnosfanadiga (Sardinia, Italy) [10], Killie 53 
Mine, Elko County, Nevada, USA [11], Moldava fluorite deposit in the Krusne Hory 54 
Mountains (Former Czechoslovakia) [12], Lead and copper ore deposits near Reichenbach in 55 
the Odenwald [13], Monte Cervandone, Ossola Valley, Italy [14], lead-copper-iron-bearing 56 
deposits of Cape Garonne, France [15], Debao skarn-type copper-tin ore deposit in Guangxi, 57 
China [16], Hiyoshi mine, Ibara city, Okayama Prefecture, Japan [17], Zimmerbach in the 58 
Voges Mountains (France) [18], Broken Hill, New South Wales, Australia [19], Alter 59 
Theuerdank of the Reiche Troster vein, at Beerberg near St. Andreasberg/Harz Mountains, 60 
Germany [20], and Clara Mine near Oberwolfach, central Black Forest, Germany [21].  61 
Bayldonite generally occurs as apple-green minute mammillary concretions, massive 62 
or fine powdery crusts. The mineral was named after the English physician John Bayldon in 63 
1865 by Arthur Herbert Church [22, 23]. Bayldonite is monoclinic with point group 64 
2/m,.space group: C2/c, a = 10.147(2) Å, b = 5.892(1) Å, c = 14.081(2) Å,  = 106.05(1)° 65 
and z = 4 [23-25]. Guillemin [26] proposed PbCu3(AsO4)2(OH)2 as the chemical formula for 66 
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bayldonite. However, Burns and Hawthorne [27] and Sumin de Portilla, Portilla Quevedo and 67 
Stepanov [28] showed that this was incorrect and they proposed the formula 68 
Cu3PbO(HOAsO3)2(OH)2 instead  . Ghose and Wan [29] described the bayldonite structure as 69 
consisting of interconnected Cu octahedral layers and Pb arsenate polyhedral–tetrahedral 70 
layers which alternate along the c axis, giving rise to complex pseudo-hexagonal layers 71 
parallel to (001).The Cu sheets contain Cu2+6 octahedra. Burns and Hawthorne [27] 72 
proposed that the (2+2+2)-distorted octahedral in the bayldonite structure are the result of a 73 
dynamic Jahn-Teller effect. Within the structure the arsenate tetrahedra show a large 74 
difference in As-O bond lengths, varying from 1.66 to 1.724 Å. 75 
The vibrational spectroscopy, IR and Raman spectroscopy of bayldonite has only 76 
received limited attention and XPS data have not been reported at all. In an earlier work we 77 
described some of the related basic arsenate minerals (olivenite, cornubite, cornwallite and 78 
clinoclase) [30] and other arsenates [31-35] and arsenites [36]. Sumin de Portilla, Portilla 79 
Quevedo and Stepanov [28]  described the mid-infrared spectrum of bayldonite from 80 
Kayrakty in central Kazakhztan, but their interpretation was complicated by the fact that this 81 
particular bayldonite besides the arsenate also contains some phosphate in its structure. More 82 
recently Frost, Lopez, Goncalves, Scholz and Xi [37] compared the infrared and Raman 83 
spectra of bayldonite from the type locality, the Penberthy Croft Mine, St Hilary, Mount’s 84 
Bay District, Cornwall, England with cornwallite olivenite and clinoclase. The aim of this 85 
paper is to report not only X-ray Photoelectron spectroscopic (XPS) data but also to add 86 
additional Raman spectroscopic information on bayldonite from a locality, Wheal Carpenter 87 
(Fraddam, Gwinear, Cornwall, UK) that is different from those published in these two earlier 88 
papers. 89 
 90 
2. MATERIALS AND METHODS 91 
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 92 
2.1 Sample description 93 
The bayldonite sample studied in this work is part of the author’s private collection, 94 
catalogue nr. 03010713 and comes from the Wheal Carpenter, Fraddam, Gwinear, Cornwall, 95 
United Kingdom. The sample consists of sub-millimetre apple-green crystals (Fig. 1) on a 96 
matrix of anglesite and quartz. The sample was checked by scanning electron microscopy 97 
(SEM/EDS) for purity. 98 
 99 
2.2 Scanning electron microscopy (SEM) 100 
Scanning electron microscope (SEM) and chemical analysis data were obtained on a 101 
FEI Quanta 200 Environmental SEM (FEI Company, USA) operated at an accelerating 102 
voltage of 15 kV. Since an uncoated sample was used a small section of electrically 103 
conducting tape was placed in contact with the bayldonite specimen in order to prevent 104 
charging of the sample. 105 
 106 
2.3 X-ray Photoelectron Spectroscopy (XPS) 107 
The XPS analyses were performed on a Kratos AXIS Ultra with a monochromatic Al 108 
X-ray source at 225 W under ultrahigh vacuum conditions. Each analysis started with a 109 
survey scan from 0 to 1200 eV with a dwell time of 100 milliseconds, pass energy of 160 eV 110 
at steps of 1 eV with 1 sweep. For the high resolution analysis the number of sweeps was 111 
increased, the pass energy was lowered to 20 eV at steps of 50 meV and the dwell time was 112 
changed to 250 milliseconds. The spectra were charge corrected using the advantageous C 1s 113 
signal at 284.8 eV. The sample with the bayldonite crystal in situ was placed in the XPS after 114 
a wash with alcohol. Prior to the analyses the surface of the crystal (Fig. 1) was cleaned by 115 
Argon ion etching for 20 minutes. A Kratos MiniBeam III ion gun operated at 4KeV, ~ 0.750 116 
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μA, rastered over an area of 3 mm x 3 mm was used to clean the surface of the crystal. This 117 
resulted in removing the ‘adventitious’ hydrocarbons from the surface. This surface etching 118 
resulted also in removing the O 1s species originating from the surface contamination and 119 
any carbonates present. 120 
 121 
2.4 Raman microspectroscopy 122 
The bayldonite sample was placed on a polished metal surface on the stage of an 123 
Olympus BHSM microscope, which is equipped with 10X, 20X, and 50X objectives. No 124 
further sample preparation was needed. The microscope is part of a Renishaw 1000 Raman 125 
microscope system, which also includes a monochromator, a filter system, and a charge-126 
coupled device (CCD). Raman spectra were excited by a Spectra-Physics Model 127 He- Ne 127 
laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 1500 cm 1• Repeated 128 
acquisition using the highest magnification was performed to improve the signal-to-noise 129 
ratio in the spectra. Spectra were calibrated with the use of the 520.5 cm-1 line of a silicon 130 
wafer.  131 
Spectral manipulation such as baseline adjustment, smoothing, and normalization was 132 
performed with the Fytik 0.9.8 software package [38], which enabled the type of fitting 133 
function to be selected and allows specific parameters to be fixed or varied accordingly. Band 134 
fitting was done by using a Lorentz-Gauss cross-product function with the minimum number 135 
of component bands used for the fitting process. The Gauss- Lorentz ratio was maintained at 136 
values greater than 0.7, and fitting was undertaken until reproducible results were obtained 137 
with squared correlations of r2 greater than 0.995. 138 
  139 
3. RESULTS AND DISCUSSION 140 
 141 
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3.1 Chemical characterization 142 
The SEM/EDS analysis of the bayldonite sample revealed that the bayldonite is very 143 
pure and homogenous in composition. No phosphate or other metals such as Zn were 144 
observed to substitute for the arsenate or metal positions in the bayldonite structure, 145 
respectively (Table 1). The XPS survey scan (Fig 2) confirmed the results obtained by 146 
SEM/EDS with respect to the chemical purity of the bayldonite. The surface ratio of the 147 
atoms was however different from that of the bulk as observed by EDS (Table 1) with a ratio 148 
of  149 
The Cu 2p was characterised by a single set of bands at 932.6 eV associated with a 150 
single unique position in the bayldonite structure (Fig. 3a). The corresponding Pb 4f showed 151 
a strong set of bands for the 7/2 transition at 138.2 eV and the corresponding 5/2 transition at 152 
143.1 eV accompanied by a second set of weak bands at 136.5 eV (7/2) and 141.3 eV (5/2) 153 
(Fig. 3b). There may be a small amount of reduction of Cu(I) to Cu(0) under Ar cleaning but 154 
you cannot tell them apart as they have the same binding energy. As has certainly not been 155 
reduced to lower oxidation states because it still has a very neat single species 2 band (2p3/2 156 
and 2p1/2) fit. It may be the position of Pb and Cu in the structure is susceptible to ion beam 157 
reduction but the As position makes it ion beam stable. Another option is that the local 158 
environment of a small portion (4.5%) of the Pb on the surface of the bayldonite crystal is 159 
different from the rest of the surface lead atoms observed in the high resolution Pb 4f 160 
spectrum. 161 
The O 1s structure exhibited two distinct bands at 530.4 eV and 532.8 eV with a ratio 162 
of about 22% to 78% (Fig. 3c). The neat O- -and OH -species shown in the high resolution 163 
spectra of the O 1s is consistent with little damage to the structure by ion beam reduction. 164 
The ratio of 1:3.55 is close to the ratio of 1:4 expected for bayldonite with two times four 165 
oxygen atoms per arsenate group to two oxygen atoms in the hydroxyl groups in the unit cell. 166 
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This is in contrast to the proposed chemical formula of Cu3PbO(HOAsO3)2(OH)2 as proposed 167 
by Burns and Hawthorne [27] based on theoretical crystallographic considerations and Sumin 168 
de Portilla, Portilla Quevedo and Stepanov [28] based on four very wide bands observed in 169 
the mid-infrared spectrum at 3200, 2600, 2000 and 1190 cm-1, which they interpreted as 170 
being due to acidic (HOAsO3)2- groups. The increase in binding energy for the O 1s 171 
associated with the hydroxyl group is rather large (2.4 eV) compared to what is generally 172 
observed (in the order of about 1.5 eV) (see e.g. [39]). The large shift in binding energy is 173 
probably related to the strongly distorted copper octahedra in the crystal structure of 174 
bayldonite, in which the Cu octahedral sheet with six-membered octahedral rings, is formed 175 
by three crystallographically independent [CuO4(OH)2] octahedral with point symmetry 1, 176 
showing dynamic Jahn-Teller distortion [27, 29]. The As 3d revealed two transitions 177 
associated with a single As position in the crystal structure. The As 3d 5/2 transition was 178 
observed at 43.9 eV and the corresponding 3/2 transition at 44.6 eV (Fig. 3d). The measured 179 
binding energy of a particular core level electron e.g. the As 3d is an indicator of the 180 
oxidation state of the element. For As compounds, the change in binding energy of the As 181 
3d5/2 species is: As0 ~41.6eV, As2IIIO3 ~ 44.9eV, As2VO5 45.8eV. For (AsVO4)3- a value of 182 
43.9eV was obtained for the As 3d5/2 for the bayldonite structure, i.e. slightly lower than the 183 
value of AsV oxides such as As2O5. 184 
 185 
3.2 Raman spectroscopy 186 
Fig. 4 shows the spectral region studied between 100 and 1050 cm-1. Characteristic in 187 
this spectrum is the strong doublet around 800 cm-1, a sharp band aorund 430 cm-1 and a 188 
weaker doublet around 300-330 cm-1. These regions coincide with the arsenate modes 189 
recognised by Sumin de Portilla, Portilla Quevedo and Stepanov [28] in their infrared spectra. 190 
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The vibrational modes of arsenate anions in aqueous solutions is relatively well 191 
known with the symmetric stretching vibration 1(A1) around 810 cm-1 overlapping with the 192 
position of the antisymmetric 3(F2) mode around 790 cm-1. The symmetric bending mode 193 
2© is observed around 340 cm-1 and the antisymmetric bending mode 4(F2) around 400 cm-194 
1
. Of these four modes the F2 modes are Raman active and infrared active, while the A1 and E 195 
modes are Raman active only. Work by Myneni, Traina, Waychunas and Logan [40]  has 196 
shown that the Td symmetry of the arsenate tetrahedron is rarely preserved in crystals 197 
because of its strong affinity to protonate, hydrate, and complex with metal ions. As a result 198 
the symmetry will be reduced to either C3v/C3 (corner sharing), C2v/C2 (edge-sharing, 199 
bidentate binuclear) or C1/Cs (corner sharing, edge sharing, bidentate binuclear, 200 
multidentate). The effect of reduced site symmetry in a crystal will remove the degeneracy 201 
and allow activation of all vibrations in the infrared and Raman spectra and splitting of the 202 
bands.  203 
Crystallographic work has shown that the AsO4 tetrahedron shows a large variation in 204 
As-O bond length from 1.666 to 1.724 Å and O-As-O angles from 101.4 to 116.8°[29]. This 205 
variation in both bond length and angles indicate a strong deformation as was also concluded 206 
by Sumin de Portilla, Portilla Quevedo and Stepanov [28] based on the splitting of the 3(F2) 207 
and 4(F2) infrared bands in three components and the appearance of a 1(A1) band. 208 
The Raman spectrum between 700 and 925 cm-1 (Fig. 5) is characterized by two sharp 209 
and intense bands at 804 and 837 cm-1. The first most intense band is assigned to the 3 210 
antisymmetric stretching mode and the second to the 1 symmetric stretching mode. In 211 
contrast Frost, Lopez, Goncalves, Scholz and Xi [37] describe these bands at 845 and 889 cm-212 
1
 in the text though the corresponding figure clearly shows these bands at 806 and 838 cm-1 213 
which is very close to the values in this study. In addition four much broader and weaker 214 
bands are observed at 726, 761, 822 and 886 cm-1. In contrast Frost et al. describe six bands 215 
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at 724, 764, 789, 817, 845 and 889 cm-1. In this study the bands observed at 789 and 845 cm-1 216 
are not observed (see Table 2 for comparison). Ross [41] describes two bands for 3 in the 217 
infrared at 890 and 805 cm-1 while Sumin de Portilla, Portilla Quevedo and Stepanov [28] 218 
report four bands for this mode in the infrared at 870, 840, 815 and 780 cm-1. The fact that 219 
these bands are much weaker in the Raman spectrum and much broader indicate that they are 220 
not due to splitting of the two major bands observed at 804 and 837 cm-1 but are instead due 221 
to other vibrational modes. Based on the work by Vansant, van der Veken and Desseyn [42] 222 
and Myneni, Traina, Waychunas and Logan [40] a possible explanation is that these bands 223 
represent modes related to AsO3(OH) tetrahedra in the crystal structure of bayldonite. This 224 
was further supported by the fact that deuteration experiments resulted in a shift to lower 225 
wavenumbers and the appearance of a new band in the infrared at 543 cm-1, although Sumin 226 
de Portilla, Portilla Quevedo and Stepanov [28] interpreted this as a Cu-OH vibration instead. 227 
The XPS results reported above for the O 1s support this Cu-OH assignment instead of the 228 
assignment to AsO3(OH) tetrahedra. 229 
In the low wavenumber region below 600 cm-1 roughly three different regions can be 230 
distinguished: (a) related to the 4 bending modes of the arsenate anion between 600 and 450 231 
cm-1, (b) the 2 bending modes of the arsenate anion between 450 and 400 cm-1and finally (c) 232 
below 400 cm-1 the As-O, Pb-O and Cu-O bending and lattice modes. 233 
In the region between 600 and 450 cm-1 two relatively strong bands are observed at 234 
427 and 497 cm-1 together with three much weaker and broader bands around 405, 477 and 235 
539 cm-1 (Fig. 6). These bands correspond well with the bands observed at 500 and 429 cm-1 236 
by Frost, Lopez, Goncalves, Scholz and Xi [37]. The bands around 497 cm-1 can be assigned 237 
to the 4 bending modes while the bands around 427 cm-1 can be assigned to the 2 bending 238 
modes. Based on the infrared spectrum Sumin de Portilla, Portilla Quevedo and Stepanov 239 
[28] assigned a band at 562 cm-1 to a Cu-OH bending mode, which could lead to a tentative 240 
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assignment of the 539 cm-1 band to a similar metal-OH bending mode. Frost, Lopez, 241 
Goncalves, Scholz and Xi [37] argue that this position is too high for a Cu-OH stretching 242 
vibration and prefer to assign this band to another 4 mode related to loss of degeneracy. 243 
However, a band in this position is well known for a variety of metal hydroxides such as 244 
bayerite, boehmite, diaspore, brucite, goethite, and heterogenite (598 cm-1)[43-46].  245 
The region between 250 and 400 cm-1 shows two sharp bands at 313 and 328 cm-1 246 
accompanied by two much weaker and broader bands at 298 and 342 cm-1 (Fig. 6). The two 247 
sharp bands associated with the two lower and broader bands are tentatively assigned the 248 
metal-O stretching modes (Cu and/or Pb). 249 
Between 100 and 275 cm-1 a broad band with several shoulders can be observed (Fig. 250 
7). Band fitting reveals the main band at 173 cm-1 associated with broader bands at 233, 194 251 
and 162 cm-1 and a very weak band at 123 cm-1. Similar broad bands were observed by Frost 252 
et al., though their band fit resulted in a much larger number of bands at 112, 122, 152, 168, 253 
178, 189, 208 and 232 cm-1 but no explanation is given for why they fitted with so many 254 
bands and what the explanation is for this large number of vibrations [37]. Comparison of 255 
their spectrum with the results of this study indicate that the main band at 173 cm-1 256 
corresponds with their band at 168 cm-1, the band at 233 cm-1 with their band at 232 cm-1, the 257 
band at 162 cm-1 with their band at 152 cm-1, the band at 123 cm-1 with their band at 122 cm-258 
1
, while the band at 194 cm-1 is split in three bands at 178, 189 and 209 cm-1 and their band at 259 
112 cm-1 is not observed in this study at all. Bands in this region are generally related to 260 
lattice vibrations, but no detailed assignment can be made at this stage with respect to the 261 
exact nature of the individual vibrations. 262 
In contrast to the infrared spectra, which are very sensitive for the presence of 263 
hydroxyl groups in crystal structures, Raman is far less sensitive and it was impossible to 264 
obtain any information in the hydroxyl stretching region between 2500 and 4000 cm-1. Sumin 265 
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de Portilla, Portilla Quevedo and Stepanov [28] and Frost, Lopez, Goncalves, Scholz and Xi 266 
[37] have shown the presence of very broad features in this region in the infrared. Frost, 267 
Lopez, Goncalves, Scholz and Xi [37] provided a band fit with nine different bands at 2364, 268 
2480, 2605, 2783, 3035, 3252, and 3439 cm-1 and concluded that the region is complex 269 
without any further attempt to explain this complexity in the hydroxyl stretching region. At 270 
least part of the explanation is associated with the fact that within the crystal structure of 271 
bayldonite there are both Cu-OH bonds and As-OH bonds present. Four wide bands around 272 
3200, 2600, 2000 and 1190 cm-1 were interpreted previously as an indication for the presence 273 
of the [AsO3OH]2- acidic groups [28]. This is however contradicted by the current XPS 274 
results that show a ratio of hydroxyls to oxygen atoms as 1:4 in the case of [AsO4]-groups 275 
instead of 2:3 in the case of the presence of [AsO3OH]-groups. 276 
 277 
4. CONCLUSIONS 278 
 279 
Bayldonite, a hydroxyl arsenate of lead and copper with the published chemical 280 
formula Cu3Pb(AsO3OH)2(OH)2 from Wheal Carpenter, Cornwall, UK, was studied by SEM  281 
and in particular XPS and Raman spectroscopy. XPS showed single positions for Cu, Pb and 282 
As in the crystal structure for bayldonite, while the O1s revealed two bands at a ratio of 1:4 283 
as expected for the ratio of oxygen in AsO4 groups and 2 hydroxyls, contradicting the 284 
presence of AsO3(OH) groups as previously proposed. The two Raman bands at 804 and 837 285 
cm-1 were assigned to the 3 antisymmetric stretching and the 1 symmetric stretching modes 286 
of the arsenate group. Raman bands around 497 cm-1 were assigned to the 4 bending modes, 287 
while the bands around 427 cm-1 were assigned to the 2 bending modes. A band at 539 cm-1 288 
cannot be definitively assigned and can be either associated with a Cu-OH stretching mode or 289 
another 4 mode. A variety of bands were observed in the low wavenumber region below 400 290 
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cm-1 but with the current knowledge these vibrations cannot be definitively assigned. 291 
Comparison with earlier work on bayldonites from other localities show in general a good 292 
agreement, though some marked differences were observed, which may be related to just how 293 
the spectra were fitted instead of having a real physical origin. 294 
 295 
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Table 1 EDS and XPS analysis 420 
Ox Wt% error    
CuO 32.0 0.4    
As2O5 30.9 0.4    
PbO 32.0 0.6    
Totals 94.9 0.81    
   
Cation 
Normalized 
9 O error 
XPS 
Atom% 
Normalized 
9 O 
Standard 
deviation 
Cu 2.97 0.03 18.60 2.96 0.02 
As 1.99 0.01 9.39 1.49 0.07 
Pb 1.06 0.02 15.38 2.44 0.01 
O   56.63 9.00  
Totals 6.02 0.02    
 421 
EDS: Pb1.06Cu2.97O(As1.00O3OH)2(OH)2.H2O 422 
  423 
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Table 2 Results of the Raman and infrared vibrations observed for bayldonite. 424 
Raman 
This study 
Raman 
Frost, Lopez, 
Goncalves, Scholz 
and Xi [37] 
Infrared 
Frost, Lopez, 
Goncalves, Scholz 
and Xi [37] 
Infrared 
Sumin de Portilla, 
Portilla Quevedo and 
Stepanov [28] 
886 889 864 870 
 845 849  
837 838 838 840 
822 817   
804 806 809 815 
 789 785 780 
761 764 771  
726 724 731  
  690  
   615 
539 542  562 
494 500   
477 490  475 
427 429  440 
405 408  400 
 396   
342 339   
328 330   
313 316   
298 306   
233 232   
 208   
194 189  185 
 178   
173 168   
162 152   
123 122   
 112   
  425 
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FIGURE CAPTIONS 426 
 427 
FIGURE 1 Stereomicroscope image of the bayldonite sample, field of view 2.6 mm 428 
FIGURE 2 XPS survey scan (Al Kα, 225 W, 160 eV pass energy) of bayldonite. 429 
FIGURE 3 High resolution XPS spectra (Al Kα, 150 W, 20 eV pass energy) of (a) Pb 4f, (b) 430 
Cu 2p, (c) O 1s, and (d) As 3d of bayldonite. 431 
FIGURE 4 Raman spectrum of bayldonite in the 100-1050 cm-1 spectral range. 432 
FIGURE 5 Raman band fit of bayldonite in the 700-925 cm-1 spectral range. The two intense 433 
bands at 804 and 837 cm-1 are associated with the arsenate  3 antisymmetric stretching mode 434 
and the 1 symmetric stretching mode.  435 
FIGURE 6 Raman band fit of bayldonite in the 250-575 cm-1 spectral range. The bands 436 
around 427 and 497 cm-1 are associated with the arsenate 2 bending modes and the 4 437 
bending modes. 438 
FIGURE 7 Raman band fit of bayldonite in the 100-275 cm-1 spectral range. This region 439 
shows the As-O, Pb-O and Cu-O bending and lattice modes. 440 
  441 
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Figure 1 443 
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Figure 2 446 
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Figure 3 449 
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Figure 4 452 
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Figure 6 458 
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Figure 7 461 
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Highlights 
• XPS and Raman Spectroscopy are non-destructive methods for rapid mineral analysis  
• XPS and Raman allow to obtain chemical and structural information of minerals 
• XPS data were obtained of a single crystal in situ in a vug in original host rock 
• XPS showed that the bayldonite was very pure 
• Raman microscopy on same single crystal was interpreted, especially the AsO4 anion 
